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= Uses questions as the expression of
business need for data:

- Captures that need from the user’s
perspective

- Can be broken down into subsidiary
questions

= Uses questions to identify data that
matters and prioritize data sets to work
with:
- Can be made to use results of
previous questions - builds over time
to a wider level of integration

- If you can’t frame the question, you
don’t know the need (or the value)

= Uses questions as “integration points”
for multiple data sources:

Drives data architecture

Forces de facto standards around
semantics and scale

(Can incorporate other standards)

Data aggregated for each question
should then support additional
related, but less structured queries
too

- Provides a focus to collaborate
around

- Allows value to be derived faster

= Avoids GADWITS - the “Great Amorphous Data Warehouse In The Sky”!!

= Enables “purpose-driven” data federation
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Example: “Is it safe to swim in our waters?”

TOp Ievel @" 1S IT SAFE TO SWIM IN OUR WATERS?
question (exists) | - !ﬂg
Level 1
decomposition
of questions
(eXIStS) <%  Which beaches lakes. and streams are listed by the State as impaired?
Example_s of Geo-tags for Time-series data on Time series dataon  Data on County  Public reports of
data required every beach, [list of] pathogens — [list of] contaminants -  Health Agency iliness, etc
toanswer| |ake or stream  lab tests, sensed data,  lab tests, sensed data, or State actions,
questions l referenced to geo-tag referenced to geo-tag reasons
Other ad hoc (Locating and Support for other ad hoc Support for
uses of the | classifying water water quality-related queries Epidemiological
same data resources) research
Additional
structured (Hypothetical example): What is the impact of known pig-slurry run-off sources
question on river and lake bathing water quality (or fresh water quality generally)?
supported %\
Additional
required data (to Geo-tags, maybe photos  Data on slurry run-off events (etc)
be integrated) for slurry source locations (dates, amounts etc)
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1) Identify

v

2) Identify

Questions

Identify key questions to be
answered

= |dentify decomposition
questions

Test with users

= Ildentify value of answers
to questions (who benefits;
how; $3$3$ if available)

Prioritize key questions and
decompositions

Add questions to catalog

3) Acquire &

Data
Required

A 4

|dentify data required to answer
key and decomposition questions

ldentify consuming applications,
models, portals & needs arising
Identify available data-sets & gaps
= Search datasets already
integrated
= |dentify proxy data if needed

Confirm scale and semantic match
with need

|dentify other possible ad-hoc
uses and other questions from
catalog that could be answered
with this dataset

Confirm cost and feasibility of
acquiring and using each data-set
Confirm question priorities in light
of technical feasibility

Integrate
Data

A 4

Acquire data

Create adaptors etc necessary for
semantic matches

“Fill in” or “widen out” to address
scale mismatches

Test with consuming applications,
models, portals —

Confirm that question is
“answered”/user need is met

Create pub/sub or other interfaces
to enable continuous acquisition

Populate data warehouse/ data-set
catalog as applicable (depends on
degree of data federation)

Repeat the above for additional
uses



= “Question-driven”: data only integrated as needed to answer an unambiguously
articulated questions — never “just because”

- Can be adapted for historical perspective: for example, “how has water
cleanliness in lakes and rivers changed since 19507?”

- Can be adapted for causation: for example, “what has been the correlation
between levels of contaminant x and high rainfall events?”

= Data warehouse, if used, is populated as data and datasets are assembled to
answer questions — not before

= Each dataset is catalogued by ref to content, format, scale etc and also questions it
can be used to answer

= Value of any given data set and integration activity =
(Formal questions + ad hoc uses supported)
(Technical risk x cost of integration)

= Assembling data to answer each question builds on data sets integrated —
cumulative coverage of the field, driven by value of integration activity




= So what technological trends and developments do we need to take into
account as we frame integration goals?



Data — in the past, often the elephant in the room...?

1. No data (rarer than one might think!)

2. Data is in the wrong scale (spatial or
temporal) for the decision — too slow,
late or infrequent, too scattered.

3. Data is fragmented between different
stakeholders: different formats, scales,
frequencies, standards; re-capture
many times.

4. Too much data to use or analyze.

5. Incompatible or incomplete models
mean that data is not leveraged,
information is incomplete, or that
solutions are partial or ineffective.

6. Poor visualization of information 7. Lack of awareness that 1-6 may
impedes effective decision-making: “so be a problem. Possibly the most
what’s this telling us?” syndrome. insidious problem of all!



But data is becoming more available — even democratic

= Data is getting cheaper VR s R - T
(Moore’s law, more interest => LJEL - !
more data and data sources)

= More and more data in the - N . _ .
. . FE scalon E. a7 A Pro-grar_n.USAC_E—Surface‘.".I'aterf:hnltorlnu Sites
public domain — the open data R R oo Mo oG-St Wk

Basin: San Joaquin River

movement. s = ey B

/| Watershed: Ahwahnee
4| Latitude: 37.2000

= More and more ability to o A P T TR
“mash it up” to create - ) e
applications with it — oftenin =~ \ 0% .. %" | =_
the public domain.

= Socrata offers one of the most
advance sets of open
data/publishing tools around —
starting to attract major
attention.

- San Francisco, Washington, Oregon (see over), Oklahoma, Chicago and others
= Especially useful in publishing data for consumption by other apps — eg smart phone
apps

htto.//www.centralvalleymonitoring.orq/




Socrata example: Oregon’s open data portal

oderation Paolicy

Sign Up
-3
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0 OREGON.gov

Home Help Geo Data Metrics Suggest A Dataset APls Qregon.gov

(%] AISP One & Two Year Tyvek Tag Dealers

Based on AISP One and Two Year Tyvek Tag Dealers
Where to get the Aquatic Invasive Species Prevention Permit. All boats 10 feet long and longer (canoes, kayaks, drift boats, inflatable boats, etc), out-of-state motor boats, and sailboats are required to purchase *
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= Example shows location of invasive species tag dealers.
= Note user configurability — panel on the right.

@ Socrata The Open Data Company ™ |
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= Materialization: create integrated data set via extract, transform, load (ETL) from
multiple data sources or replication

= Enterprise Application Integration (EAI): writing a special application linked to
workflow

= Federation: virtual representation of integrated data set, materializing only what is
needed, when needed

= Indexing: single index, enables data or docs to be fetched dynamically at user
request

11



Data warehousing is the oldest form of information integration

Materialization, Data Exchange, ETL (Extract, Transform, Load), Integration
Data Sources

(DBs) Integrated 0r_|

User Query

< Global Schema

-Warehouse Schema

| B

some data All relevant
is relevant data collected

12



Data federation and indexing is the other extreme

Mediation, Virtual Integration, Data Integration, Lazy Integration

User Query Integrated or

Mediated Schema | Global Schema

Federation
E ng I !1e Or Optimizzftion En.gine | Metadata
M ed |at0 r Execution Engine

'}
e,
v

L
...
L 4
v,

Wrapper Wrapper Wrapper Wrapper

¢
City = : j
Database Database J ))

Public Data Outside Website
Server
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Pros and cons of integration approaches

Federation Services

Packaged

it

Consolidation (eg ETL) Services

Federation or index

Dimension

Consolidation (eg ETL)

Latest, most current data — some
network delay can be tolerated

Key need

Response time critical - rapid
queries with no network delays

Small to medium result sets

Data volumes

Medium to very large result sets

Heterogenous - any Data types Largely relational
“Best endeavors” Availability High availability
Ad hoc Usage Predictable

Publishers’/originators’ systems

Commonest failure mode

Internal errors

Medium — tend to be faster

Implementation complexity

High — long complex projects

Stays with the originator

Data control/politics

Moves to the aggregator

14



= MIDAS — IBM approach to enable queries over multiple, non-rationalized, data
sources: integrates multiple partial or overlapping references into single complex
entities.

- May need to integrate multiple data types — text sensor data, numerical and so
on

- These data types may be both structured (tables) and unstructured (text,
images, etc etc)
= Tested on work with financial services and government data, to answer queries
like:
- “How many and what value of earmarks in 2008 were solely sponsored by
Republican or Democrat congress members?”
- “Which public companies currently share one or more board member?”

= Significant open-sourced component — based on Apache Hadoop (data-intensive
distributed application processing)

15



= Entity Extraction

- Extracting structured data from unstructured texts about key entities, and
relationships between key entities of the same type or different types

= Entity Resolution

- ldentifying that two instances (i.e., references) of the same entity type refer to
the same real-world entity instance

- Example: “Tahoe” vs “Lake Tahoe”, or whether “Tahoe” is a reference to the
lake, the geological basin, or the region

= Data Mapping and Fusion

- Map each extracted record (from its own format) to the target format

- Fusion: aggregate multiple records of an entity into one (complex) object
= Temporal Analysis

- Creation and management of timeline for relationships
= Scalable architecture

- Complex analysis over millions of documents in a scalable manner

16



Example: MIDAS flow for government spending data

17

Map & Temporal
Crawl Resolve P P
Fuse Analyze
Associated with
Executed by
Funded by Fung
Contract
Performed in
Sponsored py Contracted to

Congress Member/
Congressional District

Vendor

Located in




MIDAS for water management...?

-
Agency
hierarchy

T

Pathogens
h

(etc)

Q: “How clean was my
beach, lake or stream
during the past week
or month”?
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Midas Flow for Government Data
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Found in
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For
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Incorporation of MIDAS into the process...

= |dentify key questions to be
answered

= |dentify decomposition
questions

= Test with users

= |dentify value of answers
to questions (who
benefits; how; $$$ if
available)

= Prioritize key questions and
decompositions

= Add questions to catalog

19

Identify data required to
answer key and
decomposition questions

Identify consuming
applications, models, portals

Identify available data-sets
and gaps

= Search datasets already
integrated

= If no direct data, identify
proxies, if any

Confirm scale and semantic
maitch with need

Identify other possible ad-hoc
uses and other questions from
catalog that could be
answered with this dataset

Confirm cost and feasibility of
acquiring and using each
data-set

Confirm question priorities in
light of technical feasibility

4) Enable

____

Acquire data

Create adaptors etc
necessary for semantic
matches

“Fill in” or “widen out” as
needed to address scale mis-
matches

Test with consuming
applications, models, portals —

Confirm that question is
“answered”/user need is met

Create pub/sub or other
interfaces to enable
continuous acquisition (see
right)

Populate data warehouse/
data-set catalog as applicable
(depends on degree of data
federation)

Repeat the above for
additional uses

»

MIDAS

ldentify entities and sub
entities

Create nested entity
relationships

Aggregate records for
each entity into complex
objects and index these

= By question supported

= By other ad hoc use
type supported

Create search tool that
enables queries

If required, export to RDB
to enable conventional Bl
tools to operate
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Example Reports generated from Structured Data

Example Reports generated from Unstructured Data

Location Profitability
- To identify the contribution to profit of geographic areas
served by the financial institution.

Analyze complaint categories and their distribution with
region and location.

Channel Profitability

- To identify the contribution to profit of the Financial
Institution’s channel including branch networks, agencies,
correspondents, and electronic channels

Distribution of complaints across service channels,
user sentiments vs. service channels

Customer Attrition Analysis

- To understand the reason and impact of customers
ceasing to use the Financial Institution’s products and
services

Reporting on key complaints, opinion features (specific
feature of the product/ product that customers have
opinion on)

Customer Complaint Analysis
- To understand the pattern of complaints and the
effectiveness of the resolution process.

How are complaints distributed across customer
segments? Is there a pattern to the type of problems
faced by customers in a specific segment

Unstructured VoC Data

MIML

Linkage >
Discovery

A4

VoC DB

Structured Enterprise Data

o IML schema
Nnked ﬁBMRmm

(BST)

Warehouse-
Data .

IBMR0175
ﬁ (BST)
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Example analysis scenario in a typical financial services
company. What's the equivalent for water?

e BTE Tow

1) Find all customer
contacts regarding cash
advances on credit cards

3) Link and correlate information
about account status against
these complaints

sssssssss

4) Identify higher correlation between customer complaints about cash
advance rate and inactive accounts

l ot

As a result of the analysis:

the customer complains =Develop new rate structure and offer to premium account holders

about the service (“high
rate”, “overcharge” etc).

2) Find the contacts where

=Resulting in reduced churn from this segment

21



= From integrating data to integrating models?
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The role of models that consume data is changing

= Advent of the model as a management
tool

- Used to be an “off-line”, back room
scenario generation or exploration
tool

- Now more likely to be “on-line”,
part of the decision stream

= What’s driving this?

- Moore’s law: models that took
hours to run can now run in
minutes (combining computing
power with model tuning).

- Extreme case — can run models in
real time as part of event
processing system

Planner T Semeni
Solver
| / Inquh®
[ 2 N Y

Component  Workflow

Declarative _y, Workflow _y Toolkit
Specification Assembly

Data Source
Management

Component

s 4
IoE Generation  Assembly Repaository

BEEE
‘Workflow Development Tooling E: o SPADE

Sencer] | 55O oy |
E Manager
Result Data

Delivery / Visualization

High Volume,
Structured & Unstructured
Streaming Data Sources

High performance scalability, infrastructure

< continuous processing of streaming data &

T T
Voice B
Video
Binary
XML
HTML
EDI
Sensor

Financial Transaction

Heterogeneous, Multi-scale
and/or Commodity Hardware

- Those models increasingly have sufficiently granular data from sensors and other systems
to produce “operational-grade” conclusions

- Commercial modeling and visualization software increasingly focused on supporting
operational decision-making. Examples: IBM/ILOG, Optimatics, GL, Bentley and others.
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Model tuning example

= Guadalupe-San Antonio river basin in central Texas

= Approximately 3,500 reaches, 15,000 km total length

= Modeled by 110K segments

= Fully dynamic computation for a seven day event simulated in one hour on a one-node x86
computer.

= Adapts “netlist” techniques from semiconductor industry to allocate processing power to
segments of the model highly efficiently

Tims: 8/9/2008 2:00:00 AM e i Time: 4/13/2002.4:00:00 PM

Snapshot of event 1 Mpeg files available Snapshot of event 2
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*See final slide

PEGASUS

net radiation

= Model codes are typically monolithic: hard to integrate precipitaﬁonl transpiration

= A more component based approach would allow components canopy loss
to be integrated into chains or compositions specific to the soil evap.

taSkathand QQQQQQOWOOOOOC

- See right: the above-ground components of these two percolation,  runoff———
run-off models are identical, but the below-ground 50cm }
components are different

runoff, ——

= Needed: percolation,

150cm t

Runoff = Z runoff + percolation,

- A way to break models into components, and compile and
manage component sets and (larger) libraries

- A way to allow only scientifically valid combinations of SWAT

. \ \ ; net radiati
components - but include all such valid combinations e
. . . precipitation transpiration
- A consistent interface set and set of services to enable

modules to interoperate canopy loss
soil evap.

- A concept of workflow to enable simulations using the

chain of components ceocoeeemes e
User percolation lateral |
- A rich semantic framework to express the above — Jefined o flow,
captures context, not just checking inputs and outputs depths lateral
. . . and
- Automatic co-calibration of model components aumber of percolation, "2
layers ¥

- ldeally, ease of use for the non-scientist Runoff = Surface runoff* + Slateral

o5 flow + percolation



*See final slide

= The models on the previous page were
integrated manually.

= Now demonstrated as an automated
process using FUSE* framework for
estimating stream discharge given
observed precipitation:

o
ov"o‘Q\\‘l"\

<00 e
(&‘\

@ FUSE SHuational Application - Mazilla Firefax
B[S Yew bigy fookmarks ook el
DU St ustiorl Mg stion

MARIO demonstrating FUSE Situational Application
|| Simulations Exploration
Current Tag Set Selection: Processang Graph

UpperLayerUndivided @
PercolationFromFieldCapacity ToSaturationArea @

OVERLAND
ROUTING

nnnnnnnnnnn

o ctive
A RAINFALL Precipitation
ERROR
INPUT
@
@ 0

LOWER LAYER
EVAPORATION Baséflow Potential
Evapo-
Transpiration
BASEFLOW
er
Aayer~”
Eagefation

te: in addition to depen

Legend: : Flux computations :
: State computations

dencies shown, most flux calculations are dependent on values of state variables at the previous timestep

Inputs and outputs

~

Precip Measurement Frequency

Rainfall Ermor Caloulation

calculate

Overflow in Lower Layer
for LL arch. asingle
baseflow resemvoir,
unlim. gize, using power
recession

| B

Lower Soil Layer Architecture E K
Percolaon Water Availability E E =
Evaporation Methads =
RootweightMethod SeguentialMethad = = \-
. = calculate routing &
= W Py Ry
single, undnided layer
mmx 'E
Saturation Area Surtace Runoff = -
iritedfiov w
Time Credary In Runoff <
Visualzation ry Information Alsmative Flows
Crher Developer Tools  About

- 250,000 theoretical module
combinations, of which just 316 are
scientifically valid (for example, tying
flux equations to appropriate soil
layer architectures)

= MARIO enables selection of processing
goals via a set of tags, then selects and
ranks possible chains of model
components that satisfy those goals
according to a set of rules



= Visualization — the afterthought
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“A method of computing in which the enormous bandwidth and processing
power of the human visual (eye-brain) system becomes an integral part of
extracting knowledge from complex data”,* for example in:

- Feature, trend or event identification iz il e

- Comparison or fusion of data from multiple sources (visual fusion)
- Decision support

- Communication

Visualization is too often an afterthought. It should be considered from the start
when designing any application of environmental informatics — as distinct from “ok,
here’s the data, now how do we display it?”



Visualization as more than an afterthought: Water
for Tomorrow* =S

= Helps planners and
scientists analyze river e
basins and visualize the Wi b Rt R R
effects of different | Rt 5 N
management scenarios on

basin health

- In so doing, initiates
collaboration to develop

=nnifer Logout Edit Profile

G@/ WMLR [—UR [.(.)-MU-RRO“ HOME ABOUT THE PROJECT ONLINE TOOLKIT FRESHWATER FACTS

*®

=
-
g].
g
=
=
=
(-]
o
:
£
£
=

SUStalnable Water 0-nmJ F M A M J J A S8 O N 0‘12G
management pOIICIGS ; M Pracip IMaxTemp Min Temp : |
= Marries state-of-the-art T | e
. . ! P 1. David Gergen 02:34 05/21/2009 e
technology with collaboration § e ) mxm‘mmmmmmm
. } y | riure mel id, In eligendi singulls perpetua sit.
tools to support conservation DR e A | e

of freshwater ecosystems

- Combines rich graphics |
and dynamic mapping S NS o]

capabilities T T - el S
- Based on the Pegasus and SWAT hydrological modules reviewed earlier  p.Nature @
= Basins selected by delineating areas on the map, or uploading a basin file ik %
= This basin is part of the Piracicaba, Capivari and Jundiai rivers (PCJ) pilot site in Brazil
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\ Welcome, Jennifer Logout Edit Profile
WATER FOR TOMORROW
'\ B Managing water for people and nature

Scenario Selection and

modification
= A land use scenario is a set of land

use practices. Scenarios are used
by the WFT hydrology model to
compute crop production, water
quality, water balance and other u st CoteComtn®

variables. . . .
= Pre-canned scenarios are provided

in the tool, or custom scenarios can [J#
be created or imported.

HOME ABOUT THE PROJECT ONLINE TOOLKIT FRESHWATER FACTS

Select Land Use Scenario Select Land Use Scenario

Welcome, Jennifer Logout Edit Profile [

N\ ) p
@ WATER FOr TOMORROW
\ Managing water lor peopl | nature HOME ABOUT THE PROJECT ONLINE TOOLKIT FRESHWATER FACTS 3

Modify Land Use Scenario with the Paintbrush Tool

Save this Land Use Scenario

= Direct link between data and
visualization: scenarios modified
by using simple paintbrush tools

= Multiple visualization methods —
charts, graphs, maps etc.

= Aim is to provide a “workbench” -
analyses can be edited, saved,
commented on and shared with the
user community or pre-defined
work groups

Clear Al



Welcome, Jennifer Logout Edit Profile

I n te raCt I Ve V I S u a | I Z at I O n S ‘VAI ee FOR rl‘?-[ﬂF}IRRU“: HOME ABOUT THE PROJECT ONLINE TOOLKIT FRESHWATER FACTS

Analyze this Ba: <project name:
Basin Name: Piracicaba Area: 45 5q km

= CO ntai nS an RO I CaICU I ator that Land Use Scenarios <Chart Title> Change Variables | | View Other Charts
enables the economic LEERE
value/impact of land use . e g e e

variable

stom Analysis

Units

scenarios, and cost benefit of ‘ o Bav moav §ay _—
current policies vs ecosystem I

Descxiption of this A — s s — B — Basin Map
— | | |

protection vs remediation to be e
calculated and weighed into the

Desaiption of this

discussion. ;

\ Welcome, Jennifer Logout Edit Profile
WAaTER FOR TOMORROW
\ =y 1 r{or people and nature

Economic Calculator ProjectProgress ® @ ® ® @ o IR

HOME ABOUT THE PROJECT ONLINE TOOLKIT FRESHWATER FACTS

Etiam discere cum et, ad sit amet eros ubique, in ceteros mediocritatem due. His modo zzril susciplantur el, lllum congue iriure mel id, in eligendi singulis perpetua sit.
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= Visualization as the integration
B e | B of data, models and decision
processes

= Visualization drives the definition
of the system, function offered

(<M |

Urban

and model integration — by

Cropland (other)

implication, also used to
["Save & Share Those s | [ Select Land Use Scenario | Structure underlying data
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Scorecards and dashboards

= Commonly used metaphors in business
reporting, and for infrastructures.
Excellent for depicting environmental
performance of a business.

= But, they are under-investigated uses for .. -

environmental informatics:

- They rely on key performance
indicators: these could be defined for
ecosystems, say, as easily as for a
business.

- Factors affecting performance
against those indicators can be
derived by systems dynamics
modeling, or other methods.
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= Can include considerable logic, up to and including models
- Can operate in real time, with streaming data if needed — for process control, say

= Dashboards and scorecards are a beguilingly easy concept to grasp —

in fact, unless all data is

coming from an ERP system, they can require VERY significant integration work with systems

generating core data

- Direct linkages with sensors would in many cases be easier!!
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